with "low" health literacy compared with those with "typical" literacy (3.7% versus -1.4%, AD 5.1%; p for interaction = 0.011).
Conclusions:
Use of CPC in patients at low risk for ACS increased patient knowledge and engagement and safely decreased health care utilization. All subgroups benefited to a similar extent from use of CPC; white patients and those self-reporting better numeracy had greater knowledge gains, while physician trust increased more in patients with low health literacy.
BACKGROUND
Chest pain is the second most common reason patients visit emergency departments (EDs) for evaluation, accounting for more than 8 million visits annually. 1 Over the past decade, the proportion of patients diagnosed with acute coronary syndrome (ACS) in the emergency setting decreased from 26% to 13%. Despite the decreasing incidence of ACS, advanced cardiac imaging for chest pain has increased nearly 4-fold. 2 Current clinical, electrocardiogram (ECG), and laboratory data do not identify all patients who present to the ED with ACS, resulting in a 1.5% miss rate. 3 Given the medical, legal, and psychological sequelae associated with missing a diagnosis of ACS, clinicians have a very low threshold to admit patients for prolonged observation and advanced cardiac testing. 4 As a consequence, low-risk patients are frequently admitted for observation and cardiac stress testing or coronary computed tomography angiography (CCTA). This results in unnecessary hospital admissions, false positive test results, and unnecessary invasive downstream investigations, at an estimated cost to the health care system of more than 7 billion US dollars annually. 5 Decision aids are patient-centered tools designed to facilitate shared decision making between a patient and his or her clinician such that patients' values and preferences are incorporated into health care decisions. 6 To assist clinicians and patients with possible ACS in making risk-informed decisions about testing and follow-up and to engage patients in the decision-making process, we included validated 7 8 45-day risk estimates for ACS into a decision aid, Chest Pain Choice (CPC). 9 In a single-center pilot randomized trial of CPC, we observed increased patient knowledge, increased patient engagement, decreased decisional conflict, and a 19% lower rate of observation unit admission for cardiac stress testing in the CPC arm compared with usual care (UC), with no adverse events in either study arm. 10 We conducted this pilot randomized trial in a single tertiary care academic ED in the Midwest United States.
In order to test the effectiveness of CPC in a broader population of patients with greater socioeconomic diversity and in a variety of clinical contexts, we conducted a multicenter pragmatic 11 randomized trial in 6 geographically diverse EDs across the United States.
Stakeholder involvement
Patients seeking emergency care for chest pain, a patient representative (MD), and a caregiver representative (AL) were involved in the design of the study, design of the intervention, submission of the application for funding, monitoring of study conduct, interpretation of the data, review of the manuscript for important intellectual content, and approval of the final manuscript for publication.
When designing the trial, the patient representative, the caregiver representative, and the ED patient advisory council at the Saint Mary's Hospital at Mayo Clinic provided input regarding the prioritization and selection of outcomes. As the primary purpose of the study was to educate and empower patients to participate in decisions regarding their emergency care, we prioritized the patient's viewpoint over outcomes of potential interest to other stakeholders. We included outcomes of interest to other key stakeholders as secondary outcomes. When designing the intervention, we sought input from the patient and caregiver representatives, the ED patient advisory council, and patients receiving emergency care for potential ACS regarding the clarity, helpfulness, and usefulness of the information included in the CPC, and the CPC was iteratively refined based on this input. As the patients and patient and caregiver representatives involved in the trial had no prior diagnosis of coronary artery disease and thus no engagement in a heart disease-specific support group or organization, patient representatives were not directly involved in dissemination of the study findings. However, the patient and caregiver representatives were engaged at the highest level possible-partner-and included as coinvestigators on the application for funding, members of the investigative steering committee, and coauthors in the manuscripts generated from this research.
METHODS

Study design and setting
The background and methods of the trial were described in a previous publication. 12 This was a pragmatic parallel randomized controlled trial in low-risk patients presenting to the ED with a potential ACS. The trial compared an intervention group receiving a structured risk assessment using a quantitative pretest probability Web tool 13 incorporated into a decision aid (CPC) with a control group receiving UC. 14 We did not believe cross-contamination would be a problem because access to the quantitative pretest probability instrument was password protected and not easily reproduced by participating clinicians, and we observed in our pilot trial that clinicians reverted to their usual pattern of interacting with patients without the decision aid. For these reasons we opted to randomize at the patient level. The Institutional Review Boards (IRBs) at each of the participating hospitals approved all study procedures. The IRB-approved study protocol is included as a supplementary file with this report.
We enrolled patients and clinicians from the EDs at 6 US sites (University of California Davis, Mayo Clinic
Rochester, Indiana University, University of Pennsylvania, Thomas Jefferson University, and Mayo Clinic Florida). Each of the sites, with the exception of Mayo Clinic Florida, had access to an emergency department observation unit in which protocols to provide care for patients with potential acute coronary syndrome existed as part of routine practice. At Mayo Clinic Florida, when a decision is made to admit a patient for observation, the patient's status is changed from an emergency department visit to an observation stay without a physical change in location. Otherwise we collected all data consistently across sites.
Participants
We included all physicians, nurse practitioners, and physician assistants caring for patients with chest pain. Eligible patients included adults (> 17 years of age) who presented to the ED with a chief complaint of chest pain and were being considered by the treating clinician for observation unit admission for cardiac stress testing or CCTA. Registration staff identified adults with a chief complaint of chest pain on arrival to each participating ED, and study coordinators worked with the treating clinician to assess eligibility. We excluded patients for the following reasons: ischemic changes on the initial ECG (e.g., STsegment depression, T-wave inversion, or new left bundle branch block), initial cardiac troponin of less than the 99th percentile, known coronary artery disease, cocaine use in the past 72 hours (confirmed by history or testing), prior plan for cardiac intervention or admission, barriers to outpatient follow-up, primary institution of care other than the enrolling institution, prisoners, pregnancy, hearing or visual impairment or other inability to use the CPC. We classified as postrandomization exclusions those patients deemed to meet the exclusion criteria after randomization but before the patient-clinician disposition discussion.
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Randomization and masking
An online password-protected randomization algorithm (Medidata Balance TM [computer program] New York City, NY: Medidata Solutions concealed allocation). We randomized patients 1:1 and dynamically stratified 16 them by age, gender, and site because of the known associations of age and gender with cardiovascular risk, potential unmeasured differences between sites, and availability of these data at the time of enrollment. We did not randomize clinicians. We did not mask to allocation patients, study coordinators, and treating clinicians. We blinded all other investigators to allocation. We blinded study coordinators to allocation at the time of the 45-day phone call.
Study treatments
Intervention
We sought to assist patients and clinicians in making a risk-informed shared decision in the emergency setting, in which patients typically do not have the opportunity to learn about their condition prior to the visit and clinicians frequently make decisions unilaterally to facilitate patient safety and rapid treatment of life-threatening conditions. For these contextually specific reasons, we designed CPC for use during the clinical encounter. 17 CPC was developed 9 in Rochester, Minnesota, through a participatory action research methodology 18 in which feedback was intentionally and iteratively sought from patients, clinicians, an expert in health care design, and the investigative team and field-tested until thematic saturation was achieved. Prior to conducting the trial, we refined the CPC to ensure contextual fit with each practice setting. Figure 1 depicts the refined decision aid. At 2 of the sites, CCTA was available and frequently obtained in the evaluation of patients with possible ACS. For these 2 sites, we added the option of CCTA to the CPC. Figure 2 displays the decision aid that includes this option. Decision aid used to facilitate a discussion between clinicians and patients regarding whether to be admitted to the emergency department observation unit for cardiac stress testing or to follow up with a clinician in 24-72 hours.
Delivery of the intervention
For patients randomized to CPC, a study coordinator collected each of the variables needed to populate the quantitative pretest probability Web tool, 13 asked the treating clinician to sign off on their accuracy, and calculated the patient's pretest probability of acute coronary syndrome, incorporating the result of the first troponin test but prior to subsequent biomarker testing. Next, the study coordinator selected the decision aid that depicted the level of risk corresponding to the pretest probability generated by the Web tool. The study coordinator then offered to provide the clinician a concise refresher of the content.
The treating clinician, after evaluating the patient and receiving the results of the initial ECG and cardiac troponin, then brought the CPC decision aid to the patient's bedside and used it to educate the patient about the results of the 2 tests; the potential need for observation and further cardiac testing; subsequent cardiac troponin testing to definitively rule out acute myocardial infarction, if required; and Decision aid used to facilitate a discussion between clinicians and patients regarding whether to be admitted to the emergency department observation unit for cardiac stress testing or CCTA or to follow up with a clinician in 24-72 hours.
his or her personalized 45-day risk for ACS. The clinician then engaged the patient to select the management option most closely aligned with his or her values and preferences.
Usual care
For patients randomized to UC, a study coordinator instructed the clinician to discuss the results of diagnostic investigations and management options in his or her usual way. When clinicians treated patients who were randomized to UC, they did not have access to the quantitative pretest probability
Web tool or to CPC. As the trial was intentionally pragmatic in design, UC was not standardized.
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Data collection
We collected data documenting the screening process, randomization, and outcome assessment in compliance with CONSORT guidelines. 19 An immediate post visit survey collected data on patients' knowledge regarding their risk for ACS and the available management options, decisional conflict, and trust in their physician. 12 The clinician-patient discussion was video and audio recorded to assess, using the validated OPTION scale, the degree to which the clinician made efforts to engage the patient in the decision-making process. 20 Video and audio recordings were time stamped, and we determined the duration of the clinician-patient discussion from these recordings. The recordings were uploaded to a secure server and deleted from the portable devices after upload. The server was protected by 2-step access: (1) password-protected access to all the Mayo clinic's computers, and (2) password-protected access to the secure server. Audio and video files from facilities outside of Mayo Clinic were downloaded onto an encrypted password-protected flash drive, sent securely to the prime site by FedEx, and uploaded to a secure server on receipt. We also collected data on cardiac risk factors, post-ED management, and further cardiac investigations by reviewing the electronic medical record (EMR) at each site.
We collected patient health care utilization data using 2 separate methods to ensure we had the most complete data for each patient. Islander, White/Caucasian, Other). 22 To assess health literacy, patients answered 3 questions, each with a 5-point Likert response (Subjective Literacy Scale), 23 prior to their encounter with the clinician. For the purposes of this study, we summed the 3 items into a total score after reverse coding 1 item: The higher the summed score, the lower the patient's subjective assessment of his or her general health literacy skills. To assess numeracy, which quantifies the ability to understand and use numbers in daily life, 24 patients completed an 8-item questionnaire (Subjective Numeracy Scale). 25 We reversed and averaged numeracy responses to all 8 questions, creating an overall score ranging from 1 to 6, where higher scores are indicative of lower levels of numeracy.
Outcomes
Primary outcome
Because the goal of patient-centered outcomes research is to provide patients and the public with the information they need to help them make decisions that affect their desired health outcomes, 26 we prioritized the perspective of the patient over the perspective of other stakeholders in determining the primary outcome. Because knowledge emerged as the outcome of greatest importance during meetings with patient and caregiver representatives, we selected patient knowledge as the primary outcome. As in our pilot trial 10 and in prior work, 27 we assessed patient knowledge with an immediate postvisit survey 
Secondary outcomes
We measured how informed patients felt about their management options using the decisional conflict scale 28 and patients' trust in their clinician using the Trust in Physician Scale. 29 The decisional conflict scale includes 16 items scored from 0 to 4; the items are summed, divided by 16, and then multiplied by 25. The scale is from 0 to 100, where higher scores reflect increased patient uncertainty about choice.
One study found that for every unit increase in decisional conflict scale scores, patients were 19% more likely to blame their doctor for bad outcomes. 30 The Trust in Physician scale consists of 9 items scored from 1 to 5; the items are subtracted by 1, summed, divided by 9, and then multiplied by 25. The scale ranges from 0 to 100, where higher values reflect higher values of patient trust in his or her physician.
To the best of our knowledge, a clinically meaningful change in Trust in Physician scale has not been published. We surveyed participating patients and clinicians regarding the clarity and helpfulness of the information shared and the acceptability of the decision aid using a 7-point Likert scale. Finally, 5 trained raters independently viewed videos of the patient-clinician discussion and assessed the degree to which clinicians engaged patients in the decision-making process using the OPTION scale. 20 This scale is composed of 12 items with a value of 0 to 4; they are summed, divided by 48, and then multiplied by 100. Scores range from 0 to 100, where higher scores reflect higher levels of patient engagement.
Although a clinically meaningful change in OPTION scale score has not been defined, the mean score for Given that we conducted the current trial in the emergency setting, in which time pressures and patient acuity often impact the clinician-patient interaction, we anticipated OPTION scale scores in the current investigation to be lower than the originally published mean.
We assessed management by recording whether patients were admitted to the ED observation unit or hospital, or discharged home; whether cardiac stress testing or CCTA was conducted; the results of testing; and whether the patient underwent percutaneous coronary intervention or coronary artery bypass grafting by review of the EMR at each participating site.
To assess safety, we determined whether a patient experienced a major adverse cardiac event (MACE).
Consistent with a consensus document on ACS research in EDs, 32 we defined MACE as acute myocardial infarction (AMI), 33 death due to a cardiac or unknown cause, emergency revascularization, ventricular arrhythmia, or cardiogenic shock. Potential MACEs were shared with the data safety monitoring board (DSMB), which reviewed the cases in detail and provided its judgment to the investigative team. The entire investigative team also discussed potential MACE cases on monthly conference calls and adjudicated the cases based on consensus among site investigators. We excluded MACEs occurring during the index visit to the ED or hospital, as these events were considered appropriately diagnosed during the index visit. Events that occurred after discharge home, which could have potentially been avoided, were classified as MACE. We collected data on all MACE occurring up to 45 days to be consistent with the follow-up period used in the development of the quantitative pretest probability instrument; 34 but we compared 30-day event rates to be consistent with standardized reporting guidelines for ED risk stratification studies of patients with potential ACS. 35 For health care utilization, we assessed using both patient-reported data and hospital-level billing data on the following health care services delivered during the ED visit and the subsequent 45 days:
hospitalizations, emergency department visits, office visits, testing, imaging, and other services. Patientreported data provided information on subsequent hospitalizations, emergency department visits, and physician office visits and the number of visits for each. The billing data provided information on testing and imaging during the initial visit and subsequent utilization in the next 45 days. We classified all utilization from the billing data using the Berenson-Eggers Types of Service (BETOS) codes. 36 We used BETOS codes to separate out evaluation and management visits, imaging, testing, and procedures. In addition, we separated out inpatient and emergency department visits. Further, we looked at the specific types of testing and imaging, including stress testing and CCTA. Finally, we assessed the amount of time spent in the ED and observation unit in each of the arms. This allowed us to assess whether the intervention increased the amount of time spent in the ED or the observation unit. Although in the original trial protocol 12 we anticipated reporting 30-day health care utilization, we opted to report 45-day health care utilization instead given the slightly more robust inferences that can be drawn using a longer follow-up interval to assess utilization.
Clarification of primary outcome
The primary outcome registered at clinicaltrials.gov is the phrase "Test if Chest Pain Choice [the decision aid] safely improves validated patient-centered outcome measures," with the description "Test if the intervention significantly increases patient knowledge." There is only 1 primary outcome for the study: patient knowledge. The phrase "Test if Chest Pain Choice safely improves validated patientcentered outcome measures" refers to the 5 additional outcome measures (a through e) listed as secondary outcomes at clinicaltrials.gov. This is documented in the study protocol, 12 which was published prior to completion of enrollment for the trial in August 2015.
Statistical analysis
We estimated that 884 patients would provide 99% power to detect a 16% difference in patient knowledge between intervention and control arms and 90% power to detect a 10% difference in the proportion of patients admitted to an observation unit for cardiac testing. 12 To account for an estimated 5% potential loss to follow-up, we planned to enroll 930 patients. We summarized patient
characteristics by study group and tested for differences between groups using t-tests and chi-square tests. To test for differences in outcomes, we estimated a series of regression models, each of which included indicators for study group. For continuous outcomes we used linear models, and for categorical outcomes we used multinomial (polytomous) logistic models. To account for nonindependence of outcomes by site, we included indicators for study site in each model. We assessed for additional correlation with clinicians by estimating a hierarchical generalized model for each outcome and calculating the intraclinician correlation (ICC). Because all ICCs were less than 1%, we chose not to account for this correlation in the final models.
We tested for differences in both self-reported and billing-based utilization between groups using ttests, chi-square tests, or the Kruskal-Wallis test, as appropriate. To test for differences in outcomes, we estimated a series of regression models, each of which included indicators for study group. As with the primary analysis of the trial, 37 we conducted outcome assessments using regression models (linear for continuous outcomes, multinomial for categorical outcomes) that included indicators for study arm assignment and study site. We used appropriate count data models for each of the utilization outcomes.
For outcomes that had less than 10% of the patients with zero utilization, we used Poisson or negative binomial models depending on the extent of overdispersion. Among outcomes with more than 10% of patients with no utilization, we used a 2-part model, sometimes referred to as a hurdle model, 38 which separates the utilization outcomes into 2 distinct parts: whether there was any utilization of that service, and amount of utilization of that service conditional on any utilization. More specifically, the first hurdle used a logistic model to estimate the probability of having any utilization for a type of service, while the second hurdle used Poisson models to estimate the extent of utilization. We conducted all analyses for the baseline utilization, utilization in the 45 days after the index visit, and total utilization. To account for nonindependence of outcomes by site, we included indicators for study site in each model.
Heterogeneity of CPC effect
In a previously published patient-level metaanalysis of 7 randomized trials assessing the efficacy of patient DAs used during the clinical encounter, 39 we observed efficacy estimates similar to the trial population when DAs were used with vulnerable patients such as the elderly and those with less income and less formal education. We also observed, however, a greater increase in knowledge of risk among patients with higher education compared with those with lower levels of education. Subgroup effects based on race yielded imprecise results with wide confidence intervals. Based on the findings in the meta-analysis, we hypothesized that use of CPC would increase knowledge, decrease decisional conflict, and increase patient engagement across all sociodemographic patient groups but would also increase knowledge to a relatively greater degree in patients with higher levels of education, health literacy, and numeracy. Moreover, given empiric data demonstrating high levels of physician trust in a cohort consisting largely of Caucasian patients 40 and less positive perceptions of physicians in patients from racial and ethnic minority groups, 41 we hypothesized that use of CPC would increase physician trust to a greater degree in patients from racial and ethnic minority groups. We designed the heterogeneity of CPC effect analyses to test these prespecified hypotheses.
For the analysis, we dichotomized each of the following variables to evaluate the differential effect of subgroup variable from the analysis for that subgroup. For race, we included the "other" group with "nonwhite," as we interpreted "other" as implying not white. For education, we excluded the "other"
category from the dichotomous groups, as we could not assume it to indicate either of the 2 categories.
As with the primary analysis of the trial, 37 we conducted outcome assessments for this study using regression models (linear for continuous outcomes, multinomial for categorical outcomes) that included indicators for study arm assignment and study site. In addition, to assess for heterogeneity of effect across each of the subgroups, we included an interaction term for group assignment and subgroup. To improve interpretation, we also replicated the main trial analysis (i.e., with no interaction term) within each subgroup, and reported the group effect and whether the effect differed significantly from zero.
We reported this group effect as a coefficient for continuous outcomes and odds ratios for dichotomous or multinomial outcomes.
Our statistical approach to subgroup analysis was informed by publication guidelines for reporting subgroup analyses. 42 We prespecified interaction testing between patient characteristics and the outcomes of patient knowledge, decisional conflict, involvement in decision making, and physician trust, and we used a significance level of 5% to identify significant interactions for these subgroup effects.
Given that a total of 80 comparisons were performed, we anticipated up to 0.05 multiplied by 80, or 4, significant interactions based on chance alone. As such, we considered subgroup analyses that were not prespecified to be hypothesis generating. We performed all analyses using Stata Version 14.1 (College Station, TX: Stata Corporation; 2016). We followed the principle of intention to treat in the conduct of the trial and in all analyses.
RESULTS
Main trial
We assessed 3236 patients for eligibility from October 2013 to August 2015 (Figure 4) confirmed that none of these 68 patients died within 45 days. The 2 patients with missing mortality data were in the UC arm. whose highest level of education was high school, GED, or less. The mean (SD) pretest probability of ACS in the usual care arm was 3.8 (4.3) and 3.6 (3.7) in the decision aid arm (p = 0.46). There were no significant differences in baseline characteristics between the study arms. "strongly satisfied" with the information shared with them by their clinician did not significantly differ between the study arms (49% CPC versus 43% UC; absolute difference 6%; P = 0.06).
Patient participation and acceptability
Interobserver agreement (Cohen's kappa) between raters for OPTION scale assessments was 0.89 (95% Table 2 ). Patients randomized to CPC found the information discussed to be of greater clarity, and a greater proportion (88.0% CPC versus 79.9% UC; AD 8.1%; P = 0.004) would recommend to others the way they discussed management options with their clinician.
Clinician acceptability
A greater proportion of clinicians in the intervention arm reported the information shared with their patient about the decision to be admitted for further observation and testing to be extremely helpful There was no difference in the rate of coronary angiography, coronary revascularization, hospitalization, repeat hospitalization, repeat ED visits, or outpatient clinic visits between study arms. A with her clinician to be admitted to the hospital, she underwent nuclear perfusion stress testing as an inpatient, and the test was interpreted as negative. She was discharged from the hospital. Subsequently, she developed recurrent chest pain and returned to the ED within 30 days of hospital discharge with a non-ST segment myocardial infarction and underwent percutaneous coronary intervention. This was the only patient who had a cardiac intervention performed after the index ED admission; all the remaining cardiac interventions occurred during the index ED admission. The DSMB classified this MACE as not related to the intervention.
Patient-reported utilization
Of the 898 patients, patient-reported health care utilization data were available for all 834 (92.9%) patients who were reached by phone for 45-day follow-up. Based on the 8 patient-reported utilization questions in the health care diary, there was no significant difference in 45-day health care utilization between the study arms ( Table 4) .
Billing-based utilization
Hospital-level billing data were available for all 898 (100%) enrolled patients. Overall, including the date of the ED visit and the subsequent 45 days, there was no difference in physician evaluation and management codes (level of physician services), number of imaging tests obtained, or the number of procedures performed between arms of the study. However, the mean (SD) number of tests was lower in the CPC arm (13.3 [6.9] CPC versus 14.7 [7.7] UC; p = 0.0432; see Table 5 Table 5 ). Since your Emergency Department visit, did a 0.9959 clinician tell you that you had a myocardial infarction or heart attack?
Missing 0 
Heterogeneity of CPC effect
There were significant interactions between patient characteristics and the outcomes of knowledge (percentage of questions correct), knowledge of ACS risk, and trust in the physician ( Table 7) . For patient knowledge (%), there were significant interactions based on race (p = 0.018) and numeracy (p = 0.025) (Figure 5) . Use of CPC increased knowledge in both the white and nonwhite subgroups, but to a greater degree in the white subgroup (11.0%) compared with the nonwhite subgroup (4.8%), with the increase in both subgroups reaching significance compared with UC. For numeracy, CPC increased knowledge 10.6% in the "typical" subgroup compared with 4.7% in the "low" subgroup, with both increases reaching significance compared with UC. For knowledge of ACS risk, there was a significant interaction with patient race (0.018) ( Table 7) . Use of CPC increased patient knowledge of ACS risk more in the white subgroup (11.4%) compared with the nonwhite subgroup (7.2%), with the increase in the white subgroup reaching significance compared with UC. Finally, for trust in the physician, we observed a significant interaction with health literacy (p = 0.011) (Figure 6) . Use of CPC increased trust in the physician in patients with "low" health literacy (3.7%) while decreasing trust in the physician for patients with "typical" literacy (-1.4%), with the increased trust reaching significance in the "low" subgroup compared with UC. There were no significant interactions on based on decisional conflict or patient involvement in the decision-making process (OPTION score). 10 .20 (1.00) P values are for an overall interaction between the DA and each characteristic. Indicates significant Decision Aid effect for each subgroup compared with its control (usual care) for the outcome -only provided for those outcomes for which there is an overall significant interaction (p<0.05) † Includes GED Regarding management decisions, there were significant interactions between patient race (p = 0.004) and annual income (p = 0.028) and the decision to have a stress test ( Table 8) . White patients had 52% lower odds of having a stress test, while nonwhite patients had 19% greater odds of having a stress test, with the decreased odds of having a stress test reaching significance in the white subgroup compared with UC (Figure 7) . For annual income, the group with income < $40 000 had 8% greater odds of having a stress test, and those with income ≥ $40 000 or more had 46% lower odds of having a stress test, with the decrease in the ≥ $40 000 income group reaching significance compared with UC. There were no significant interactions on the decision to have a CT angiogram or to undergo revascularization. 
DISCUSSION
Principal findings
In patients with chest pain who were otherwise being considered for observation unit admission and advanced cardiac testing, use of the decision aid increased patient knowledge, increased patient engagement, decreased decisional conflict, and did not significantly affect physician trust. The decision aid was found to be acceptable to both patients and physicians, and its use, which took an average of 1 additional minute of clinician time, decreased the proportion of patients who decided, with their clinician, to be admitted to the observation unit for advanced cardiac testing. Use of the decision aid also decreased cardiac stress testing within 30 days of the ED visit and the 45-day rate of testing overall.
Although there was no difference in the ED length of stay between study arms, patients randomized to the decision aid who were admitted to the ED observation unit had a 90-minute-shorter median length of observation unit stay. When assessing heterogeneity of effect, use of the decision aid increased patient knowledge, decreased decisional conflict, and increased involvement in the decision similar to the trial population in the elderly and in patients with less formal education and lower income.
However, the decision aid increased knowledge to a greater degree in whites compared with nonwhites and in patients with greater numeracy. However, the decision aid increased physician trust to a greater degree in patients with low self-reported health literacy. We do not think the 1 patient with a MACE in the decision aid arm was related to the intervention, as the patient was admitted to the hospital during the index ED admission.
Meaning of the study
Findings from this trial suggest that patients can be effectively educated and engaged in the emergency care setting in decisions regarding testing and follow-up and that it is feasible to do so in the flow of clinical care. In addition, when risk estimates from validated prediction models were shared with patients, and patients were invited to apply their informed values and preferences to decisions, rates of admission and testing did not increase. Rather, patient-centered interventions such as those tested in this trial indicate that patients, when educated and informed of their risk, may choose with their clinician to undergo less extensive evaluation more closely tailored to their personalized risk. Use of an encounter-level CPC to facilitate risk-informed diagnosis in the emergency care setting also has potential to decrease downstream health care utilization related to diagnostic testing.
When assessing the effect of the decision aid in potentially vulnerable patient groups, we observed similar effectiveness of the decision aid to the trial population in the elderly and in those with lower levels of education and less income on the outcomes of patient knowledge, decisional conflict, and involvement in the decision. However, knowledge increased to a greater degree in patients with "high" numeracy compared with those with "low" numeracy. Given that communication of risk in numerical terms is frequently involved in shared decision-making conversations, it is important for clinicians to follow best practices when communicating risk with patients, such as use of natural frequencies, estimates of absolute risk, and a consistent denominator, 43 and anticipate that patients with low numeracy may have difficulty comprehending and applying numerical concepts to the decision. It is also important for shared decision-making researchers to involve patients with limited numeracy in the decision aid development process and test the effect of the decision aid in this subgroup of patients. We also observed greater increases in knowledge in white compared with nonwhite patients. Given that knowledge was the primary outcome of the study, this interaction is of potential importance. Racial and ethnic differences between patients and physicians may impact knowledge transfer. However, we did not prespecify an interaction between patient race and knowledge, and this observation could be due to chance alone and should be interpreted with caution. We also observed a significant interaction between patients with "low" health literacy and physician trust. Although this interaction is interesting and supports the hypothesis that use of the decision aid increased physician trust to a greater degree in potentially vulnerable patients with low health literacy, this interaction was not prespecified and should be considered hypothesis generating. Finally, white patients and patients with annual incomes of > $40 000 were less likely to undergo stress testing than nonwhite patients and those with annual incomes of ≤ $40 000. This is a potentially important finding, as shared decision making may decrease utilization when the knowledge of risk is effectively transferred, the patient understands the available management options, and there is ready access to outpatient follow-up. However, these findings were not prespecified and should be confirmed in future shared decision-making trials.
Limitations and strengths of the study
Several limitations of this trial should be taken into consideration. The quantitative pretest probability Web tool 7 8 applies only to patients with chest pain. As such, the decision aid cannot be used in patients with potential ACS who present with non-chest pain syndromes (eg, shortness of breath and/or diaphoresis). We used 2 different versions of the decision aid in the trial-1 that included the option of CCTA and 1 that included only cardiac stress testing. Although this introduced a degree of heterogeneity in the intervention, the trial was intentionally pragmatic in design, and contextual fit of the decision aid to facilitate clinician-patient discussions relevant to the clinical settings enrolling patients in the trial was essential. In addition, there is now evidence to support applying the shared decision-making tool in a greater variety of clinical care contexts. We randomized at the patient level, increasing the risk of contamination between intervention and control groups. To limit the risk of contamination, the quantitative pretest probability Web tool was password protected, and coordinators did not provide clinicians access to the decision aid. However, even if contamination were to occur, this would bias the results of the trial toward the null, and we observed a positive effect of the intervention despite the potential for contamination. We were unable to contact 70 patients (8%) for assessment of a secondary outcome. Of these, 68 were confirmed alive at 45 days. The 92% phone follow-up rate supplemented by mortality review from a national database, however, is robust and comparable to other ED high-quality studies of patients with potential ACS. We were unable obtain video recordings in 40% of the encounters. However, the 536 video recordings that were obtained exceeded the required sample size of 221 needed to meet power estimates. The study had 78% power to detect a 5% difference in MACE rate between study arms, using a 1-sided noninferiority test with an alpha of 0.05. Although this was substantially greater power than the initial cohort of patients recruited in our single-center pilot trial, greater power and precision would be optimal.
For the health care utilization analysis, utilization measures were defined prospectively as secondary outcomes that would be evaluated, but the study design was not necessarily powered to detect a difference in these measures. 12 Although we reviewed the EMR and attempted to contact all enrolled patients, we were unable to collect self-reported health care utilization data in the 70 (8%) patients who were unable to be contacted by phone for follow-up. To increase the rigor of the health care utilization analysis, we collected hospital-level billing data to help evaluate utilization. It is possible that patients could have undergone further testing outside of these institutions that may not be captured in these data. However, all of the patients identified the institution where they were enrolled as their primary institution.
The primary limitations of the heterogeneity of decision aid effect analysis relate to issues of multiple testing and imprecision around the estimates of subgroup effects. Given that a total of 80 comparisons were performed, 1 could estimate that up to 4 interactions (80 x 0.05) could be observed based on chance alone. To limit the risk of bias associated with multiple testing, we prespecified hypotheses based on prior observations in Shared Decision-Making (SDM) trials 39 and prior literature demonstrating lower levels of physician trust in racial and ethnic minority groups compared with whites. 41 We also followed guideline recommendations for reporting subgroup analyses in clinical trials 42 by presenting only those subgroup analyses that were prespecified or based on a primary study outcome in the abstract, distinguishing subgroup analyses of special interest in the methods, basing analyses of the heterogeneity of effect on tests for interaction, and exercising caution in interpreting subgroup differences. Our analyses often yielded imprecise results of potentially important subgroup effects.
However, this limitation is inherent in subgroup analyses of clinical trials, and, to the best of the investigators' knowledge, the current investigation represents the largest cohort of patients enrolled in a shared decision-making trial to date and has potential to reveal important insights related to the effect of a decision aid in vulnerable patients.
Unanswered questions and future research
To date, no shared decision-making interventions have been routinized and incorporated into clinical protocols and emergency care delivery. While the findings from this multicenter trial suggest that the decision aid may be effective across a variety of clinical settings, further implementation studies are needed to determine how best to incorporate the decision aid in care pathways; how emergency clinicians, cardiologists, and primary care clinicians can best work together to ensure incorporation and implementation of risk-informed patient preferences into admission, testing, and follow-up decisions;
and how to ensure patient preferences guide decision making both during and after the ED encounter.
In addition, given the limited time available for clinician-patient interaction in the emergency setting and variable levels of health care literacy between patients, time-efficient, vulnerable populationtargeted approaches to patient activation that involve education and preparation for engagement in shared decisions with clinicians-such as a brief, standardized video-should be explored. Interventions designed to ensure communication of the rationale for care decisions to family members who were not present during the ED encounter are also needed to ensure effective implementation of the care decisions made. Finally, a large-scale implementation trial may be needed to more definitively test the safety of the intervention.
Conclusions
Use of a decision aid in patients with low-risk chest pain who were otherwise being considered for observation unit admission for cardiac stress testing or CCTA increased patient knowledge, increased patient engagement, and decreased decisional conflict. Shared decision making facilitated by the decision aid was perceived to be acceptable to both patients and physicians, and its use decreased the median length of stay for patients admitted to the ED observation unit, the 30-day rate of stress testing, and the 45-day rate of all cause testing with no adverse events related to the intervention. All subgroups benefited to a similar extent from use of the decision aid; white patients and those self-reporting better numeracy had greater knowledge gains, while physician trust increased more in patients with low health literacy. Future SDM studies using encounter-level decision aids should take into consideration tailored approaches to empowering and engaging vulnerable patients in decisions regarding their care.
